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INJECT1ON LAGSIN A COWON–RAIL FUEL

By A. M. Rothrock.

Summary

Injection‘lagsweredeterminedfora

jectionsystemfora compression-ignition

INJEC?TIONSYSTEM.

.

common-railfuelin–

engine.Thesystemin–

vestigatedconsistedof a high-pressurereservoir,a timing —
valve,an injectionvalvetube,andan.automaticinjectionvslve.

●

Theinjectionlagwasthetimeinte??vslbetweentheopeningof
● thetimingvalveandthestartof thefuelsprayfromtheauto-

maticinjectionvalve. Therangeof theinvestigationincluded

tubelengthsfrom10 to.70in.,tubeboresfrom1/16to,5/32in.,

valveopeningpressuresfrom2000to 5000lb.per sq.in.,injec-

tionpressuresfrom4000to 10,00013.per sq.in.,andinitial

pressuresfrom1000to 3800lb.persq.in. Theinvestigation

Was conductedat theLsngleyMemorialAeronautical

LangleyField,Virginia.

ItWasfoundthattheinjectionlag increased

Laboratory,

linearlywith

increasein injectiontubelength,butwasnetaffectedby the

boreof thetube. Thelagincreasedslightlywithan imcrease ~

in valveopeningpressuxeanddecreasedmateriallywithan in-
i

creasein injecticnpressure.we initialpressure

jectionvalvetubebeforetheopeningof thetiuing

in thein-

valvedidnot



affecttheinjectionlag,providingtheinjectionpressmewas

considerablyin excessof thevslveopeningpressure.

InjectionLagsin a Common-RailFuelInjectionSystezn

Common–railinjectionsystemsforcompression-ignitionen-

ginescm be dividedintotwoclasses.Thefirstconsistsof

thosein whichtheinjectionvalveis mechanicallyoperated.

Thesecondconsistsof thosesystemsemployingan automaticin–

jectionvslveto whichtheoilis releasedfromthehighpres–

sue reservoirby meansof a mechanicallyoperatedtimingvalve.

In thesecondcasethereis an injectiontube,oftenof consid-

erablelength,betweenthetimingvalveandtheinjectionvalve:

Thereis a definitetimeintervalor injectionlag,therefore,

betweentheopeningof thetimingvalveandthestaxtof theoil

sprayfromthefuelinjectionvalve. Thisinjectionlag is

controlledby thedesignof theinjectionsystemandtheoil

pressuresemployedin itsoperation.The injectionlagof a

common-railsystemoperatingfroma constsntsourceofpressure

is independentof theenginespeed,providingthetimingvalve

operateswithsufficientrapiditytopermituninterruptedoil

flowthroughit. Forthisreason,theresultspresentedin this

reportaregivenin secondsandn-etin crankdegrees.

Thepurposeof thisinvestigationwasto determinetheef-
*

fectsof tubelengthandbore,openingpressureof the injection.
8 valve,initialpressurein thetubebeforethestartof injec-
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tion,andtheinjectionpressuzeon theinjectionlagof the

system.Thetubelengthwasvariedfrom10 to 70 in.,andthe

tubeborefrom1/16to 5/32inch. Thevalveopeningpressure

wasvariedfrom2000to 5000lb.per sq.in.;thepressurein

thetubebeforeinjectionfrom1000to 3800lb.per sq.in.;

andtheinjectionpressurefrom4000to 10,000lb.per sq.in.
8

Theinvestigationwasconductedat theLangleyMemorialAeronau-

ticalLaboratoryatLangleyField,Virginia.

ApparatusandMethods

The2T.A.C,A.SprayPhotographyequipment(Reference1) Was

employedforthisinvestigation.Withthisapparatusit ispos-

sibleto takehigh-speedmotionpicturesat therateof 2000

to 4000persecondof theformationanddevelopmentof single

fuelsprays.Theinjectionsysteminvestigatedis showninFig-

ure1. Thetimingvalvecamis operatedby a clutchwhich,when

engaged,causesthecamto m~e a singlerevolutionat a speed

of 950r.p.me As thetimingvalveneedleisliftedtheoilun-

derpressurein thehigh–pressurereservoiris releasedthrough

“ theinjectionvalvetubeto theinjectionvalve. Theoilpres-

sureactingon theannularareaof theinjectionvalvestem

forcesthestemagainstthestopandthe oil is sprayedintothe

chamber.ADproxiinately0.003secondaftertbetiminGvalve

needlehasliftedtheby-passvslveis opened.Sincetheratio

of themea of theby–passvalveto theareaof theorificein
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the injectionvalveislarge,theoilflowsthroughtheby–pass

Va.lvs; thepressuredropsW1OW thatrequiredto holdthein-

jectionvalveopen; andthestemreturnsto theseat.

TheoilpressureW thehigh–pressurereservoirisbuiltup

by meansof a hydraulichsndpump. Thepressurein theinjec-

tionvalvetubebeforetheopeningof thetimingvalveis ob-

tainedby openingtheinitialpressurecontrolvsJ_veandbuild-

ingup thedesiredinitislpressureby mesnsof thehandpump..

Thisvslveis thenclosedandtheoilforcedintothereservoir
f

untilthedesiredinjectionpressureis obtained.Theinjection

.8 lagof thesystemis thetimeintervalbetweentheopeningof
,

thetimingvalveandthestartof thesprayfromtheinjection

valve.

Thestartof themotionof thetimingvalve‘wasrecorded

by themethoddescribedby Gelallesandtheauthorin N.A.C.A.

TechnicalReportNo.330(Reference2). A beamof lightfroma

pointsourcewas focusedon a mirrorwhichwasrotatedthrough

a smallanglebythe motionof thetimingvalvestem, Themo-

tionof thereflectedlightbeamwasrecordedon a movingfilm

drumwhichhad a peripheralspeedof 1000in.per sec. Thetim-

ingvalverecordwassynchronizedwiththesprayphotographic

recordby a smallsp~k gapin serieswiththemainsparkgap
.-.

usedfortalcingthesprayphotographs.Thissmallsparkgapwas “~--=

placedin frontof thetimingvalvefilmso thatforeachspray

picturetherewasa linerecordedon thetimingvalvefilm.
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A photographof thefuelsprayis showninFigure2.

or?of thetimingvslvestemmotionis shownin Figure3.

5

A ret- _

The

startof injectionis obtainedby extendingthetimepenetra-

tioncurveto zeropenetration.Thetimeintervalbetweenthe

appeszanceof thefirstphotographandthestartof injection

is addedto thetimeintervalbetweenthestaxtof openingof

thetimingvalveandtheappearanceof thefirstphotograph.

Thissunis theinjectionlagbetweentheopeningof thetiming

valveandthestartof thefuelsprayfromtheautomaticinjec-
f

tionyalve. Thelagof thisparticularrecordwas0.0021second
.* as designatedon Figure3.

Results

VariableInjectionValveTubeLen@h.- Figure4 shows

.

.

theeffectof injection

forinjectionpressures

curvesareparalleland

is seento W virtually

valvetubelengthon theinjectionlag

of 4000and8000lb.per sq.in. The

thevariationof lagwithtubelength

linear.

VariableTubeDiameter.-NO appreciablechangewas fo~d

in theinjectionlagforinjectionvalvetubesvaxyinginbore

from1/16in.to 5/32in. Sincethelagremainsconstant’with

varying%~bediameter,theinjectionvalvemustbe openedby a

pressureWave.
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VariableValve~ening Pressure.,-Figuze5 showstheeffect

of valveopeningpressu-eon injectionlag. Thevariationis

small,being13.5percentfor a changein valveopeningpres- .—-
surefrom1000to 5000lb.per sq.ir..

VariableInjectionPressure.-Fi=~e 6 showstheeffectof

injectionpressureon injectionlagforfourdifferenttube

lengths.Thecurveshavea negativeslopeaswouldbe expected.

VariableInitialPzessuze.-Theeffectof theinitial

pressurein theLnjectionvalvetubebeforetheopeningof the

timingvalveon theinjectionlsgis shownin FiOgure7. The .
curvesforthefour-tubelengthsshowa constantlag forthe

rangeof initialpressm*einvestigated.Thatthelsgdoesnot

varywithinitialinjectionvalvetubepressureindicatesagain

thatthevalveis openedby a pressuewaveandnotby a pres–

surecausedby compressionof theoilin thetube fromthein–:
flowthro~~hthetimingvalve. Thevelocityof a pressurewave

. throughthetubeisnotaffectedmateriallyby theinitislpres-

surein thetube. If thepressureincreaseat theinjection

valvewascausedby directcompressionof theoilfrominflow

throughthetimingvalve,theinjectionlagwouldvaryappreci.–

ablywithinitislpressure.”
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Conclusions

In thedesignof a common-railinjectionsystemEorthe

operationof automaticfuelinjectionvalves,caremustbe taken

to obtainthesameinjectionvalvetubelengthsforsllvalves,

otherwisethetimeatwhichinjectionstartswillnotbe the

sameforeachvalve. A variationintheboreof theinjection

valvetubefrom1/16to 5/32Inchwillnot affecttheinjection

lag. Thevalveopeningpressuresshouldagreecloselyforall

theinjectionvalves.Theinitialpressurein theinjection

valvetubeprecedingtheopeningof thetimingva3vehaslittle

effecton theinjectionlag,providingtb.einjectionpressure

is considerablyinexcessof thestaticvalveopeningpresswe.

LangleyMemorialAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,January2, 1930.
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Fig.2Fuelsprayphotographs.Injection pressure 8,0M lb. /sq. in. A, time interval from
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Fig.4 Effectof tubelmgth on timelag.
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Fig.5Effectof valveopeningpressure on time lag.
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